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(57) ABSTRACT

A device includes a semiconductor region surrounded with
the isolation region and includes a first active region, a
channel region and a second active region arranged in that
order in a first direction. A first side portion of the first active
region and a second side portion of the second active region
faces each other across a top surface of the channel region
in the first direction. A gate electrode covers the top surface
and the first and second side portions and extends in a
second direction that intersects the first direction. A first
diffusion layer is formed in the first active region. A second
diffusion layer is formed in the second active region. An
embedded contact plug is formed in the first active region
and extends downwardly from the upper surface of the
semiconductor region and contacts with the first diffusion
layer.

4 Claims, 27 Drawing Sheets
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MEMORY TRANSISTORS WITH BURIED
GATE ELECTRODES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of, and claims priority
to, U.S. patent application Ser. No. 13/595,497, entitled
“Memory Transistors with Buried Gate Electrodes,” filed on
Aug. 27, 2012, and which claims priority to prior Japanese
application JP 2011-197082, each of which are hereby
incorporated by reference.

TECHNICAL FIELD
This invention relates to a semiconductor device.
BACKGROUND OF THE INVENTION

In recent years, with the trend of size reduction of
semiconductor elements, the size of transistors also tends to
be reduced. This trend of size reduction of transistors has
made the short channel effect more prominent. For example,
in the case of a DRAM (Dynamic Random Access Memory),
the channel length of a transistor is reduced with the size
reduction of memory cells, whereby the sub-threshold cur-
rent is increased and the threshold voltage (Vt) of the
transistor is reduced. As a result, the performance of the
transistor is deteriorated in terms of retention and write
characteristics of memory cells.

In order to solve such a problem, there have been devel-
oped, for example, a recess (trench) type FET (Field Effect
Transistor) in which a groove (trench) is formed in a
semiconductor substrate to provide a channel having a
three-dimensional structure, as well as a fin type FET in
which a fin is formed between grooves to provide a channel
having a three-dimensional structure. Both of these types of
transistors are able to increase the effective channel length
(gate length) and hence to suppress the aforementioned short
channel effect. Furthermore, they are able to realize a
DRAM having fine memory cells with a minimum feature
size of 60 nm or less.

Another type of DRAM has also been proposed to cope
with the size reduction of memory cells, in which a buried
gate type transistor having a gate electrode buried in the
surface layer of a semiconductor substrate is employed as a
selection transistor forming a memory cell. This type of
DRAM is described, for example, in Japanese Laid-Open
Patent Publication Nos. 2006-339476 and 2007-081095.

In a buried gate type transistor, a gate electrode (word
line), which is buried in the surface layer of a semiconductor
substrate, does not protrude above the surface of the sub-
strate. Thus, only bit lines among wirings connected to the
memory cells are located in the upper layer of the semicon-
ductor substrate. This facilitates the layout of capacitors and
contact plugs forming the memory cells when they are
provided on the semiconductor substrate, and alleviates the
difficulty in processing thereof.

Some of related semiconductor devices (DRAMs) are
configured, as shown in FIG. 23A and FIG. 23B, such that
two memory cells are arranged in each single active region.
FIG. 23A is a plan view showing, partially transparently,
such a semiconductor device, and FIG. 23B is a cross-
sectional view of the semiconductor device taken along the
line A-A' in FIG. 23A.

Describing in more detail, this semiconductor device has
an element isolation region 104 which is formed by forming
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an element isolation trench 102 in the surface layer of a
semiconductor substrate 101 and burying an element isola-
tion insulating film 103 in the element isolation trench 102,
and a plurality of active regions 105 which are isolated from
each other by the element isolation region 104.

There are formed, in the surface layer of the semicon-
ductor substrate 101, a plurality of buried gate trenches
106a, 1065 so as to extend in a direction Y intersecting with
the active regions 105. These buried gate trenches 106a,
1065 are arranged side by side in pairs so as to divide the
active regions 105.

The semiconductor device has a gate insulating film 107
covering the surfaces of the active regions 105 exposed in
the buried gate trenches 1064, 1065, word line wiring layers
(word lines) WL,', WL,' (gate electrode 1084, 1085) buried
in the buried gate trenches 106a, 1065, and a cap insulating
film 109 also buried in the buried gate trenches 106a, 1065
on top of the word line wiring layers (word lines) WL,
WL,'. The word line wiring layers WL,', WL,' are formed
such that they are buried in the buried gate trenches 1064,
1064, respectively, and cross over the active region 105 via
the gate insulating film 107. As a result, the two word line
wiring layers WL,', WL,' crossing the single active region
105 function as gate electrodes 1084, 1085 of transistors
Tr,', Tr,".

The semiconductor device has a first impurity diffusion
layer 110 functioning as a drain region of the transistors Tr1',
Tr2' in the active region 1055 that is located at the center of
the three active regions 105a, 1055, 105¢ divided by the two
buried gate trenches 1064, 1065. Further, the semiconductor
device has second impurity diffusion layers 111a, 1115
functioning as source regions of the transistors Trl', Tr2' in
the active regions 105a, 105¢ located on the opposite sides.
These first and second impurity diffusion layers 110, 111a,
11156 are formed by diffusing an impurity into the active
regions 1054, 1055, 105¢ to a depth equivalent to the level
of the top faces of the gate electrodes 108a, 10854.

An interlayer insulating film 112 is formed on the semi-
conductor substrate 101 so as to cover the surface 101a
thereof. The first impurity diffusion layer 110 is electrically
connected to a bit contact plug 114 buried in a bit contact
hole 113 formed in the interlayer insulating film 112. On the
other hand, the second impurity diffusion layers 111a, 1115
are electrically connected to capacity contact plugs 116a,
1165 buried in capacity contact holes 1154, 1156 formed in
the interlayer insulating film 112.

The semiconductor device has a plurality of bit wiring
layers 117 (bit lines BL') located above the surface 101a of
the semiconductor substrate 101 and extending in a direction
X orthogonal to the word wiring layers WL1', WL2'. Each
of these bit lines BL' is electrically connected to the bit
contact plug 114 by passing through the central part (active
region 10556) of the respective active region 105. Thus, the
two transistors Trl', Tr2' arranged in one active region 105
share one bit line BL'".

The semiconductor device has a plurality of capacitors
Cal', Ca2' formed on the interlayer insulating film 112.
These capacitors Cal', Ca2' are each formed of a lower
electrode 118, a capacity insulating film and an upper
electrode (both not shown). The lower electrodes 118 are
electrically connected to the capacity contact plugs 116a,
1165. Thus, the two transistors Trl', Tr2' arranged in the one
active region 105 form DRAM memory cells MC1', MC2'
together with the capacitors Cal', Ca2'.

As described above, in the related semiconductor device,
two transistors Trl', Tr2' are formed in one active region
105.
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Specifically, one of the transistors Tr1' is composed of the
gate electrode 108a, the first impurity diffusion layer (drain
region) 110, and the second impurity diffusion layer (source
region) 111a. The gate electrode 108a is buried in one of the
two buried gate trenches 1064, 1065 dividing the active
region 105, namely in the buried gate trench 106a via the
gate insulating film 107. The first impurity diffusion layer
(drain region) 110 is formed by diffusing an impurity into the
active region 1055 located at the center of the three active
regions 105a, 1055, 105¢ divided by the two buried gate
trenches 1064, 1065, to a depth equivalent to the level of the
top faces of the gate electrodes 1084, 1085. The second
impurity diffusion layer (source region) 111a is formed by
diffusing an impurity into one of the opposite sides of the
three active regions 1054, 10556, 105¢, namely into the active
region 1054, to a depth equivalent to the top face of the gate
electrode 108a.

In one of the transistors, or the transistor Trl', a channel
S1' is formed on three faces consisting of the opposite side
faces and the bottom face of the buried gate trench 106a.

Likewise, the other transistor Tr2' is formed to have the
gate electrode 1085, the first impurity diffusion layer (drain
region) 110, and the second impurity diffusion layer (source
region) 1115. The gate electrode 1085 is buried in the buried
gate trench 1065 of the two buried gate trenches 1064, 1065
dividing the active region 105. The first impurity diffusion
layer (drain region) 110 is as described above. The second
impurity diffusion layer (source region) 1115 is formed by
diffusing an impurity into the other one of the opposite-side
active regions of the three active region 105a, 10554, 105c¢,
namely into the active region 105¢, to a depth equivalent to
the level of the top face of the gate electrode 1085.

In the other transistor Tr2', a channel S2'is formed on
three faces consisting of the opposite side faces and the
bottom face of the buried gate trench 1065.

However, in the semiconductor device as described
above, size reduction of the transistors Trl', Tr2' sometimes
leads to a problem that sufficient ON current cannot be
ensured for the transistors Trl', Tr2' and it becomes difficult
to operate the DRAM normally. This is attributable to
increased channel resistance of the transistors Trl', Tr2'.

Further, due to the reduction of the memory cell size, the
distance between two memory cells MC1', MC2' arranged in
the single active region 105 has become smaller and smaller.
This sometimes causes a trouble that when the DRAM is
operated, the memory state of one of the adjacent memory
cells MC1', MC2' varies depending on the operating state of
the other memory cell, resulting in occurrence of disturb
error.

For example, it is assumed that data of “0” is stored in one
of the two memory cells MC1', MC2' arranged in one active
region 105, namely in the memory cell MC1', while data of
“1” is stored in the other memory cell MC2'. When ON/OFF
operation is repeatedly performed on the transistor Trl' of
the memory cell MC1' in this state, disturb error may occur
in the other memory cell MC2' and the data stored therein
may be destroyed.

The inventor of this invention has studied possible causes
of'occurrence of such disturb error and has obtained findings
as described below.

In the first place, data of “0” is stored in the memory cell
MCT'. Specifically, one of the transistors (transistor Trl') is
turned ON while a low-level potential is applied to the bit
line BL'. Thus, the low-level potential is applied to the lower
electrode 118 of one of the capacitors (Cal'). After that, the
transistor Trl' is turned OFF, whereby data of “0” (low-
level) is accumulated in the capacitor Cal'.
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Next, data of “1” is stored in the other memory cell MC2".
Specifically, the other transistor Tr2' is turned ON while a
high-level potential is applied to the bit line BL'. Thus, the
high-level potential is applied to the lower electrode 118 of
the other capacitor Ca2'. After that, the other transistor Tr2'
is turned OFF, whereby data of “1” (high-level data) is
accumulated in the other capacitor Ca2'.

It is assumed that in this state the same operation is
repeated on the memory cell MC1' arranged in another
active region 105 using the same word line WL1' with the
memory cell MC1'. In this manner, the ON/OFF operation is
repeated on one of the transistors (Trl') whereby a high-level
potential is repeatedly applied to the word line WL1".

The inventor has found that, during this operation, elec-
trons (e-) induced in the channel S1' of the transistor Trl' are
sometimes attracted to the second impurity diffusion layer
1115 of the adjacent transistor Tr2', as shown in FIG. 23B.
This is because a high-level potential is applied to the lower
electrode 118 of the capacitor Ca2' where data of “1” is
accumulated. The electrons (e-) which have reached the
second impurity diffusion layer 1115 give a negative charge
to the lower electrode 118, whereby the data of “1” (high-
level data) accumulated in the other capacitor Ca2' is rewrit-
ten to data of “0” (low-level data), resulting in occurrence of
disturb error. This is the cause of the disturb error that the
inventor has found.

The probability of occurrence of this disturb error is
increased in dependence on the number of ON/OFF opera-
tions repeated on the transistor Trl'. In the experiments
conducted by the inventor, when the repeated ON/OFF
operations were performed on the transistor Tr1', the disturb
error occurred at a frequency of about once every 10,000
operations. In this case, destruction of data will occur in
about ten memory cells when 100,000 operations are
repeated.

Further, little occurrence of disturb error was observed
when the distance between the two word wiring layers
WL1', WL2' crossing the one active region 105 was rela-
tively large as about 70 nm, but the occurrence of disturb
error became more frequent when the distance was reduced
to about 50 nm due to reduction of the memory cell size.

The two memory cells MC1', MC2' arranged in the single
active region 105 normally must store data independently
from each other. However, when the disturb error as
described above occurs, normal operation of the semicon-
ductor device (DRAM) is inhibited, resulting in deteriora-
tion of reliability thereof.

SUMMARY

In one embodiment, there is provided a device that
includes an isolation region formed on a semiconductor
substrate. A semiconductor region is surrounded with the
isolation region and includes a first active region, a channel
region and a second active region arranged in that order in
a first direction. The first active region includes a first side
portion. The second active region includes a second side
portion. The channel region includes a top surface. The first
and second side portions faces each other across the top
surface in the first direction. A gate electrode covers the top
surface and the first and second side portions. The gate
electrode extends from the semiconductor region to the
isolation region continuously in a second direction that
intersects the first direction. The gate electrode includes an
upper portion that is concave from upper surfaces both of the
semiconductor region and the isolation region. A cap insu-
lator covers the upper portion of the gate electrode. A first
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diffusion layer is formed in the first active region. A second
diffusion layer is formed in the second active region. An
embedded contact plug is formed in the first active region
and extends downwardly from the upper surface of the
semiconductor region and contacts with the first diffusion
layer.

In another embodiment, there is provided a device that
includes an isolation region formed on a semiconductor
substrate. A semiconductor region is surrounded with the
isolation region and includes a first active region, a channel
region and a second active region arranged in that order in
a first direction. The first active region includes a first side
portion. The second active region includes a second side
portion. The channel region includes a top surface. The first
and second side portions faces each other across the top
surface in the first direction. A gate electrode covers the top
surface and the first and second side portions. The gate
electrode extends from the semiconductor region to the
isolation region continuously in a second direction that
intersects the first direction. A first diffusion layer is formed
in the first active region. A second diffusion layer is formed
in the second active region. An embedded contact plug is
formed in the first active region and extends downwardly
from the upper surface of the semiconductor region and
contacts with the first diffusion layer. A buried insulator is
provided under the embedded contact plug. A top part of the
buried insulator comes in contact with a bottom part of the
embedded contact plug.

In still another embodiment, there is provided a device
includes an isolation region formed on a semiconductor
substrate. A semiconductor region is surrounded with the
isolation region and includes a first active region, a channel
region and a second active region arranged in that order in
a first direction. The first active region includes a first side
portion. The second active region includes a second side
portion. The channel region includes a top surface. The first
and second side portions faces each other across the top
surface in the first direction. A gate electrode covers the top
surface and the first and second side portions. The gate
electrode extends from the semiconductor region to the
isolation region continuously in a second direction that
intersects the first direction. A first diffusion layer is formed
in the first active region. A second diffusion layer is formed
in the second active region. An embedded contact plug is
formed in the first active region and extends downwardly
from the upper surface of the semiconductor region and
contacts with the first diffusion layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present inven-
tion will be more apparent from the following description of
certain preferred embodiments taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a plan view showing, partially transparently, a
semiconductor device according to a first embodiment of the
invention;

FIG. 2 is a cross-sectional view of the semiconductor
device taken along the line A-A' of FIG. 1;

FIG. 3A is a plan view for explaining a manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 3B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
3A;
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FIG. 3C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
3A;

FIG. 3D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
3A;

FIG. 4A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 4B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
4A,

FIG. 4C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
4A,

FIG. 4D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
4A,

FIG. 5A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 5B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
5A;

FIG. 5C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
5A;

FIG. 5D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
5A;

FIG. 6A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 6B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
6A;

FIG. 6C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
6A;

FIG. 6D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
6A;

FIG. 7A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 7B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
TA,

FIG. 7C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
TA,
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FIG. 7D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
TA,

FIG. 8A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 8B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
8A;

FIG. 8C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
8A;

FIG. 8D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
8A;

FIG. 9A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 9B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
9A;

FIG. 9C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
9A;

FIG. 9D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
9A;

FIG. 10A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 10B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
10A;

FIG. 10C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
10A;

FIG. 10D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
10A;

FIG. 11A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 11B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
11A;

FIG. 11C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
11A;

FIG. 11D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
11A;

FIG. 12A is a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;
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FIG. 12B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
12A;

FIG. 12C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
12A;

FIG. 12D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
12A;

FIG. 13Ais a plan view for explaining the manufacturing
process of the semiconductor device according to the first
embodiment;

FIG. 13B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line A-A' of FIG.
13A;

FIG. 13C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line B-B' of FIG.
13A;

FIG. 13D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the first embodiment, taken along the line C-C' of FIG.
13A;

FIG. 14 is a cross-sectional view showing a modification
of the semiconductor device according to the first embodi-
ment;

FIG. 15 is a cross-sectional view showing a part of a
semiconductor device according to a second embodiment of
the invention;

FIG. 16A is a cross-sectional view for explaining a
manufacturing process of the semiconductor device accord-
ing to the second embodiment;

FIG. 16B is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the second embodiment;

FIG. 16C is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the second embodiment;

FIG. 16D is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the second embodiment;

FIG. 16E is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the second embodiment;

FIG. 16F is a cross-sectional view for explaining the
manufacturing process of the semiconductor device accord-
ing to the second embodiment;

FIG. 17A is a cross-sectional view for explaining another
method of forming the first impurity diffusion layer;

FIG. 17B is a cross-sectional view for explaining still
another method of forming the first impurity diffusion layer;

FIG. 18 is a cross-sectional view showing a modification
of the semiconductor device according to the second
embodiment;

FIG. 19 is a cross-sectional view showing a modification
of the semiconductor device according to the second
embodiment;

FIG. 20 is a cross-sectional view showing a modification
of the semiconductor device according to the second
embodiment;

FIG. 21 is a cross-sectional view showing a modification
of the semiconductor device according to the second
embodiment;
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FIG. 22 is a block diagram showing a configuration of a
data processing system including a semiconductor device
according to the invention;

FIG. 23A is a plan view showing, partially permanently,
a part of a related semiconductor device; and

FIG. 23B is a cross-sectional view showing the semicon-
ductor device, taken along the line A-A' of FIG. 23A.

DETAILED DESCRIPTION

The invention will be now described herein with reference
to illustrative embodiments. Those skilled in the art will
recognize that many alternative embodiments can be accom-
plished using the teachings of the present invention and that
the invention is not limited to the embodiments illustrated
for explanatory purposes.

A semiconductor device, a manufacturing method thereof,
and a data processing system to which the invention is
applied will be described in detail with reference to the
accompanying drawings.

In the drawings used in the following description, some
specific characteristics parts are enlarged for convenience to
help understanding of the characteristics, and scale ratios or
the like of the components do not necessarily conform to the
actual scale ratios or the like. Further, materials and dimen-
sions described below are only illustrative, and the invention
is not limited to them. The invention may be modified in
various manners without departing from the scope of the
invention.

First Embodiment
Semiconductor Device

Firstly, a configuration of a semiconductor device 1A
shown in FIGS. 1 and 2 will be described as a first embodi-
ment of the invention. FIG. 1 is a plan view showing,
partially transparently, the semiconductor device 1A, while
FIG. 2 is a cross-sectional view of the semiconductor device
1A taken along the line A-A' of FIG. 1.

The semiconductor device 1A functions as a DRAM in
the end. The DRAM has, on a semiconductor substrate, a
cell array region in which a plurality of memory cells are
arranged in matrix, and a peripheral circuit region which
located on the periphery of the cell array region and in which
a circuit or the like for controlling operation of the memory
cells is formed. FIG. 1 shows a part of the cell array region,
and FIG. 2 shows a part including a pair of memory cells
MC1, MC2 formed on the semiconductor substrate 2.

The memory cells MC1, MC2 arranged in the cell array
region are substantially formed of selection transistors Trl,
Tr2, and capacitors Cal, Ca2 which are electrically con-
nected to either source or drain of the selection transistors
Trl, Tr2.

Specifically, there are provided, in the cell array region of
the semiconductor device 1A, an element isolation region 5
which is formed by forming element isolation trenches 3a,
35 in the surface layer of the semiconductor substrate 2, and
burying an element isolation insulating film 4 in these
trenches 3a, 3b, and a plurality of semiconductor regions 6
insulated and separated by the element isolation region 5.

The element isolation region 5 is a so-called STI (Shallow
Trench Isolation) region. The element isolation region 5 is
formed by burying the element isolation insulating film 4 in
a trench 3a extending in a first direction X' and a trench 35
extending in a second direction Y intersecting with the first
direction X', and isolates the adjacent semiconductor regions
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6 from each other. The first direction X' is a direction
inclined with respect to the direction X orthogonal to the
second direction Y.

The semiconductor region 6 is formed of a part of the
semiconductor substrate 2, and is defined into an island
shape by the element isolation insulating film 4 (element
isolation region 5) buried in the element isolation trenches
3a, 3b. Specifically, the semiconductor region 6 has a
rectangular shape as viewed in plan, and extends in the first
direction X'. The semiconductor regions 6 are arranged
while being spaced from each other in the second direction
Y intersecting with the first direction X' and first direction X.

The semiconductor device 1A shown in FIG. 1 employs
such a layout that the cell size is 6F2 (F denotes a minimum
feature size), and has a configuration in which two (two-bit)
memory cells MC1, MC2 are arranged in one semiconductor
region 6. Therefore, two selection transistors Trl, Tr2 are
arranged in each of the semiconductor regions 6.

More specifically, a plurality of stripe-shaped word wiring
layers (word lines) WL1, WL2 are arranged in the cell array
region of this semiconductor device 1A to extend in the
second direction Y, while being spaced from each other in a
direction orthogonal to the second direction Y. These word
wiring layers WL1, WL2 respectively function as gate
electrodes 7a, 7b of the selection transistors Trl, Tr2, and are
provided such that two word wiring layers are arranged side
by side to cross each the of the semiconductor region 6.

In the selection transistors Trl, Tr2, the gate electrodes 7a,
7b are located at a lower level than the surface 2a of the
semiconductor substrate 2, whereby the selection transistors
Trl, Tr2 have a so-called buried gate type channel structure.

There are formed, in the surface layer of the semicon-
ductor substrate 2, a plurality of buried gate trenches 8a, 85
s0 as to extend in a (second) direction Y intersecting with the
semiconductor regions 6. These buried gate trenches 8a, 86
are arranged side by side in pairs so as to divide the
semiconductor regions 6.

The semiconductor region 6 is divided into three active
regions 6a, 6b, 6¢c by two buried gate trenches 8a, 8b.
Regions located between a first active region 65 located at
the center of the three active regions, and second active
regions 6a, 6¢ located on the opposite sides, that is, regions
located below the buried gate trenches 8a, 85 are sometimes
called channel regions. The first active region 65 and each of
the second active regions 6a, 6¢ respectively have a first side
and a second side facing each other across the top faces of
the channel regions.

The semiconductor device has a gate insulating film 9
covering the surfaces of the semiconductor regions 6
exposed in the buried gate trenches 8a, 85, word line wiring
layers (word lines) WL1, WL2 buried in the buried gate
trenches 8a, 8b, and a cap insulating film 10 also buried in
the buried gate trenches 8a, 86 on top of the word line wiring
layers (word lines) WL1, WL2. The word line wiring layers
WL1, WL2 are formed such that they are buried in the
buried gate trenches 8a, 85, respectively, and cross over the
semiconductor region 6 via the gate insulating film 9. As a
result, the two word line wiring layers WL1, WL2 crossing
the single semiconductor region 6 function as gate elec-
trodes 7a, 7b of the selection transistors Trl, Tr2. In other
words, the gate electrodes 7a, 7b extend from the semicon-
ductor region 6 to the element isolation region 5 along the
second direction, and cover the first side of the first active
layer 64 and the second sides of the second active layers 6a,
6¢ via the gate insulating film 9. The top faces of the gate
electrodes 7a, 7b are located at a lower level than the top
faces of the semiconductor region 6 and element isolation
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region 5. Further, the top faces of the gate electrodes 7a, 76
are protected by the cap insulating film 10 provided in a state
buried in the buried gate trenches 8a, 8.

There is formed, in the surface layer of the semiconductor
substrate 2, a bit contact trench 11 extending in the direction
(second direction) Y parallel to the buried gate trenches 8a,
8b. The bit contact trench 11 is formed deeper than the
buried gate trenches 8a, 85 so as to divide the first active
region 6b.

An insulating film 12 (a liner insulating film 33¢ and a
buried insulating film 335) is buried in the bit contact trench
11 and has such a thickness that the top face thereof is
located at a higher level than the bottom faces of the buried
gate trenches 8a, 86. This insulating film 12 isolates the
selection transistors Trl, Tr2 which are adjacent to each
other across the bit contact trench 11.

A bit contact plug 17 is formed and buried in the bit
contact trench 11 such that the bottom face thereof is in
contact with the top face of the insulating film 12. The bit
contact plug 17 has continuous side faces which are inclined
at a substantially constant angle.

Further, first impurity diffusion layers 134, 135 function-
ing as drain regions of the selection transistors Trl, Tr2 are
provided on the opposite sides of the bit contact trench 11
having the insulating film 12 buried therein. The first impu-
rity diffusion layers 13a, 135 are formed by diffusing an
impurity into the opposite sides of the bit contact trench 11
from the top face of the first active region 65 (the surface 2a
of'the semiconductor substrate 2) to a depth equivalent to the
level of the bottom faces of the buried gate trenches 8a, 8.

The widths of the buried gate trenches 8a, 856 and the bit
contact trench 11 are gradually reduced toward the bottom
faces thereof. Therefore, each of the first impurity diffusion
layers 13a, 135 has a shape in which the width between the
buried gate trench 8a or 86 and the bit contact trench 11 is
gradually increased downward from the surface 2a of the
semiconductor substrate 2. In other words, each of the first
impurity diffusion layers 13a, 135 is arranged between the
bit contact plug 17 and the gate electrodes 7a, 75, and its
width in the first direction is gradually increased from the
surface 2a of the semiconductor substrate 2 downward. The
bottom face of the contact plug 17 is located at a higher level
than the lower parts of the first impurity diffusion layers 13a,
1354, and the top face of the contact plug 17 is located at the
same level as the cap insulating film 10.

There are provided, in the second active regions 6a, 6¢
located on the opposite sides of the first active region 64,
second impurity diffusion layers 14a, 145 functioning as
source regions of the selection transistors Trl, Tr2. These
second impurity diffusion layers 14a, 145 are formed by
diffusing an impurity into the respective active regions 6a,
6¢ from the top faces of the second active regions 6a, 6¢ (the
surface 2a of the semiconductor substrate 2) to a depth
equivalent to the level of the top faces of the gate electrodes
Ta, 7b.

A first interlayer insulating film 15 is provided on the
semiconductor substrate 2 to cover the entire surface thereof.
The first impurity diffusion layer 13a is electrically con-
nected to the bit contact plug 17 buried in the bit contact
trench 11 and in a bit contact hole 16 formed in the first
interlayer insulating film 15. In other words, the bit contact
plug 17 is surrounded by the first impurity diffusion layer
134 and the side faces thereof are in contact with the first
impurity diffusion layer 13a. The bottom of the bit contact
plug 17 is in contact with the top of the insulating film 12.

The bit contact plug 17 is electrically connected to a bit
wiring layer (bit line) BL formed directly above the bit
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contact plug 17. This bit wiring layer BL is located at a
higher level than the surface 2a of the semiconductor
substrate 2. The bit wiring layer BL is formed in plurality in
a striped shape extending in a direction X orthogonal to the
word wiring layers WL1, WL2. The bit wiring layers BL are
arranged while being spaced from each other in a direction
(second direction) Y in which the word wiring layers WL.1,
WL2 extend. These bit wiring layers BL are electrically
connected to the bit contact plug 17 by sequentially passing
through the central parts (the first active region 65) of the
respective semiconductor regions 6. Thus, the two transis-
tors Trl, Tr2 arranged in one semiconductor region 6 share
one bit wiring layer BL.

A second interlayer insulating film 18 is provided on the
first interlayer insulating film 15 to cover the entire surface
thereof. The second impurity diffusion layers 14a, 145 are
electrically connected to capacity contact plugs 20a, 205
buried in capacity contact holes 19a, 195 passing through
the first and second interlayer insulating films 15, 18.

Further, the capacity contact plugs 20a, 205 are clectri-
cally connected to capacitors Cal, Ca2 formed directly
above the capacity contact plugs 20a, 205. The capacitors
Cal, Ca2 are each composed of a lower electrode 21, a
capacity insulating film 22, and an upper electrode 23 which
are stacked in this order.

The lower electrodes 21 are positioned directly above the
respective capacity contact plugs 20a, 206 and have a
bottomed cylindrical crown shape. The lower electrodes 21
are isolated from each other by a third interlayer insulating
film 24 interposed therebetween. The capacity insulating
film 22 is formed to cover the surfaces of the lower electrode
21 and third interlayer insulating film 24. The upper elec-
trode 23 is formed on the entire surface to cover the capacity
insulating film 22 and to fill the inner spaces of the lower
electrodes 21.

The capacitors Cal, Ca2 need not necessarily be of a
crown type using the inner surfaces and outer peripheral
surfaces of the lower electrodes 21 as electrodes. The
structure of the capacitors Cal, Ca2 is not restricted par-
ticularly, and may be a cylinder type using the inner surfaces
of the lower electrodes 21 but not using the outer peripheral
surfaces as electrodes.

There are provided, on the upper electrode 23, a fourth
interlayer insulating film 25 to cover the entire surface
thereof, an upper wiring layer 26 formed on the fourth
interlayer insulating film 25, and a surface protection film 27
covering the upper wiring layer 26.

In this manner, a DRAM having a plurality of memory
cells MC1, MC2 in the cell array region is formed.

The semiconductor device 1A having the configuration as
described above operates as a DRAM which is capable of
perform operation to store information by determining
whether or not electrical charge is accumulated in the
capacitors Cal, Ca2 while repeating ON/OFF operations on
the selection transistors Trl, Tr2.

The semiconductor device 1A is configured to be able to
ensure sufficient ON current for the two selection transistors
Trl, Tr2 arranged in the one semiconductor region 6, and yet
to prevent occurrence of interference of operation between
the two selection transistors Trl, Tr2.

Specifically, the transistor Trl is configured to have a gate
electrode 7a, a first impurity diffusion layer (drain region)
134, and a second impurity diffusion layer (source region)
14a. The gate electrode 74 is buried in one of the two buried
gate trenches 8a, 86 dividing the semiconductor region 6,
that is, in the buried gate trench 8a with the gate insulating
film 9 interposed therebetween. The first impurity diffusion
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layer (drain region) 13a is formed by diffusing an impurity
into the one of the side faces of the bit contact trench 11
dividing the first active region 65 located at the center of the
three active regions 6a, 6b, 6¢ divided by the buried gate
trenches 8a, 85, to a depth equivalent to the level of the
bottom face of the buried gate trench 8a. The second
impurity diffusion layer (source region) 14a is formed by
diffusing an impurity into one of the two second active
regions 6a, 6¢ on the opposite sides of first active region 65
(active region 6a) into a depth equivalent to the level of the
top face of the gate electrode 7a.

In the transistor Trl, a channel S1 is formed over the
bottom face and the side face of the trench 8a on which the
second impurity diffusion layer 14a is formed, except the
region where the first and second impurity diffusion layers
13a, 14a are formed. In other words, the first active region
65 and the second active region 6a have side portions facing
each other across the channel region located therebetween,
and the channel S1 is formed on the side portion of the
second active region 6a and on the top of the channel layer.

This makes it possible to reduce the channel resistance in
comparison, for example, with the related semiconductor
device shown in FIG. 23B in which the channel S1' is
formed on the three faces, namely the opposite side faces
and the bottom face of the buried gate trench 106a. There-
fore, sufficient ON current of the transistor Trl can be
ensured.

Likewise, the other transistor Tr2 is configured to have a
gate electrode 7b, a first impurity diffusion layer (drain
region) 135, and a second impurity diffusion layer (source
region) 14b. The gate electrode 75 is buried in one of the two
buried gate trenches 8a, 86 dividing the semiconductor
region 6, that is, the buried gate trench 86, with the gate
insulating film 9 interposed therebetween. The first impurity
diffusion layer (drain region) 135 is formed by diffusing an
impurity into the other side face of the bit contact trench 11
dividing the first active region 65 located at the center of the
three active regions 6a, 65, 6¢ divided by the two buried gate
trenches 8a, 85, to a depth equivalent to the level of the
bottom face of the other buried gate trench 85. The second
impurity diffusion layer (source region) 1454 is formed by
diffusing an impurity into the other of the two second active
regions 6a, 6¢ located on the opposite sides of the first active
region 65 (active region 6¢), to a depth equivalent to the
level of the top of the other gate electrode 74.

In the other transistor Tr2, a channel S2 is formed on the
two faces of the trench 84, namely the bottom face and the
side face on which the second impurity region 144 is
formed, except the region where the first and second impu-
rity diffusion layers 135, 145 are formed. In other words, the
first active region 65 and the other second active region 6¢
respectively have side portions facing to each other across
the channel layer located therebetween, and the channel S2
is formed on the side portion of the second active region 6¢
and the top of the channel layer.

This makes it possible to reduce the channel resistance in
comparison, for example, with the related semiconductor
device shown in FIG. 23B in which the channel S2' is
formed on the three faces, namely the opposite side faces
and the bottom face of the buried gate trench 1065. There-
fore, sufficient ON current of the one transistor Tr2 can be
ensured.

In the semiconductor device 1A according to the inven-
tion, neither the channel S1 nor the channel S2 is formed on
the side faces of the buried gate trenches 8a, 86 on which the
first impurity diffusion layers 13a, 135 are formed. The
insulating film 12 is buried in the bit contact trench 11 that
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is formed deeper than the buried gate trenches 8a, 85, so that
insulating film 12 has such a thickness that the top face
thereof is located at a higher level than the bottom faces of
the buried gate trenches 8a, 86. Therefore, the semiconduc-
tor device 1A can be prevented from occurrence of inter-
ference of operation between the two selection transistors
Trl, Tr2 provided side by side in one semiconductor region
6.

This means that it is possible to prevent electrons induced
in the channel region (channel S1 or S2) in one of the
adjacent transistors Trl (Tr2) from moving to the channel
region (channel S2 or S1) of the other transistor Tr2 (Tr1).
Therefore, the semiconductor device 1A is able to prevent
the interference between the adjacent two transistors Trl,
Tr2 when they are operated, and to improve the reliability
remarkably.

The semiconductor device 1A according to the invention
has bit wiring layers (bit lines) BL connected in common to
the first impurity diffusion layers 13a, 135 formed on the
opposite side faces of the bit contact trench 11 via the bit
contact plug 17, and capacitors Cal, Ca2 connected to the
second impurity diffusion layers 14a, 145 via the capacity
contact plugs 20a, 205, whereby DRAM memory cells
MC1, MC2 are formed of the two transistors Trl, Tr2
arranged in one semiconductor region 6 and the capacitors
Cal, Ca2 connected the respective transistors Trl, Tr2.

This configuration is able to prevent occurrence of disturb
error caused by the state of memory in one of the adjacent
memory cells MC1 (MC2) being changed according to an
operating state of the other memory cell MC2 (MC1).

For example, data of “0” is stored in one of the two
memory cells MC1, MC2 arranged in one semiconductor
region 6, that is, in the memory cell MC1, while data of “1”
is stored in the other memory cell MC2. According to the
invention, even if ON/OFF operation is repeatedly per-
formed on the transistor Trl of the memory cell MC1,
occurrence of a disturb error, such as the data stored in the
memory cell MC2 being destroyed, can be avoided.

In the first place, data of “0” is stored in the memory cell
MCI1. Specifically, one of the transistors (transistor Trl) is
turned ON while a low-level potential is applied to the bit
line BL.. Thus, the low-level potential is applied to the lower
electrode 21 of one of the capacitors (Cal). After that, the
transistor Trl is turned OFF, whereby data of “0” (low-level)
is accumulated in the capacitor Cal.

Next, data of “1” is stored in the other memory cell MC2.
Specifically, the other transistor Tr2 is turned ON while a
high-level potential is applied to the bit line BL. Thus, the
high-level potential is applied to the lower electrode 21 of
the other capacitor Ca2. After that, the other transistor Tr2 is
turned OFF, whereby data of “1” (high-level data) is accu-
mulated in the other capacitor Ca2.

It is assumed that in this state the same operation is
repeated on the memory cell MC1 arranged in another
semiconductor region 6 using the same word line WL1 with
the memory cell MC1. In this manner, the ON/OFF opera-
tion is repeated on one of the transistors (Trl) whereby a
high-level potential is repeatedly applied to the word line
WLI1.

As described above, it is possible to prevent electrons
induced in the channel region (S1) of the one transistor Trl
from moving to the channel region (S2) of the other tran-
sistor Tr2. Therefore, it is possible to prevent the occurrence
of a disturb error in which data of “1” (high level data)
accumulated in the capacitor Ca2 is rewritten to data of “0”
(low level data).
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The semiconductor device 1A according to the invention,
as described above, is able to normally operate the DRAM
even if the distance between the two memory cells MC1,
MC?2 arranged in one semiconductor region 6 is reduced due
to the size reduction of the memory cells, and hence the
reliability thereof can be improved significantly.

(Manufacturing Method of Semiconductor Device)

Next, a manufacturing method of the semiconductor
device 1A will be described with reference to FIGS. 3A to
13D.

In FIGS. 3Ato 13D, those drawings with suffix A are plan
views sequentially showing respective steps of a manufac-
turing method of the semiconductor device 1A. The draw-
ings with suffix B are cross-sectional views taken along the
line A-A' of the respective same numbered drawings with
suffix A. The drawings with suffix C are cross-sectional
views taken along the line B-B' of the respective same
numbered drawings with suffix A. The drawings with suffix
D are cross-sectional views taken along the line C-C' of the
respective same numbered drawings with suffix A.

In order to manufacture the semiconductor device 1A, as
shown in FIGS. 3A to 3D, an unprocessed semiconductor
substrate 2 is prepared, and a plurality of element isolation
trenches 3a extending in a first direction X' are formed in a
surface layer of the semiconductor substrate 2 such that they
are spaced from each other in a second direction Y inter-
secting with the first direction X', and then an element
isolation insulating film 4 is formed so as to be buried in
these trenches 3a. As aresult, a plurality of element isolation
regions 5 and a plurality of semiconductor regions 6 isolated
by these element isolation regions 5 are arranged alternately
in stripes. The semiconductor substrate 2 may be, for
example, a silicon substrate containing a predetermined
concentration of boron (B) or other P-type impurity. The
element isolation insulating film 4 may be, for example, a
silicon oxide film.

Next, as shown in FIGS. 4A to 4D, a plurality of element
isolation trenches 35 extending in the second direction Y are
formed in the surface layer of the semiconductor substrate 2
such that they are spaced apart from each other in a direction
orthogonal to the second direction Y, and then an element
isolation insulating film 4 is formed to be buried in these
trenches 3b. As a result, a plurality of semiconductor regions
6 are each formed into an island shape defined by the
element isolation insulating film 4 (element isolation regions
5) buried in the element isolation trenches 3a, 3b6. Specifi-
cally, these semiconductor regions 6 have a substantially
rectangular shape (parallelogram) as viewed in plan, and
extend in the first direction X', while spaced from each other
in first direction X' and in the second direction Y intersecting
with the first direction X'.

As shown in FIGS. 5A to 5D, a mask layer 30 is formed
on the surfaces of the semiconductor substrate 2 and the
element isolation insulating film 4, the mask layer 30 having
openings 30a at the positions corresponding to the buried
gate trenches 8a, 8b. Specifically, a silicon nitride film
serving as the mask layer 30 is applied on the surfaces of the
semiconductor substrate 2 and the element isolation insu-
lating film 4, and then a resist is applied thereon. This resist
is patterned by a lithography technique to form a resist
pattern (not shown) having openings at the positions corre-
sponding to the buried gate trenches 8a, 86. The silicon
nitride film is then patterned by anisotropic dry etching
using this resist pattern. While this resist pattern is removed
from the top of the silicon nitride film as the etching process
progresses, the shape of this resist pattern is directly trans-
ferred to the silicon nitride film. In this manner, the mask
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layer 30 having openings 30q at the positions corresponding
to the buried gate trenches 8a, 86 can be formed on the
surfaces of the semiconductor substrate 2 and the element
isolation insulating film 4.

Next, as shown in FIGS. 6 A to 6D, the surface layer of the
semiconductor substrate 2 is patterned by anisotropic dry
etching using this mask layer 30, whereby a plurality of
buried gate trenches 8a, 85 are formed in the surface layer
of the semiconductor substrate 2.

When forming the buried gate trenches 8a, 85, the trench
8B formed in the element isolation region 5 is formed to a
greater depth than the trench 8A formed in the semiconduc-
tor region 6. As a result, fins 6A (see FIG. 6C) can be formed
by the semiconductor region 6 partially protruding from the
bottom face of the buried gate trenches 8a, 8b.

Each of the fins 6 A has a top face and first and second side
faces continuing from the top face. The first and second side
faces spread downward relative to the second direction from
first and second edges located at the opposite sides of the top
face.

When forming the buried gate trenches 8a, 85, the ele-
ment isolation region 5 (element isolation insulating film 4)
exposed from the openings 30a of the mask layer 30 is
etched, and then the semiconductor region 6 (semiconductor
substrate 2) is etched. This makes it possible to prevent
unetched portions from being left on the side faces of the fins
6A.

As shown in FIGS. 6A to 6D, a gate insulating film 9 is
formed on the entire surface of the semiconductor substrate
2 having the mask layer 30, so as to cover the surfaces of the
semiconductor regions 6 exposed in the buried gate trenches
8a, 86. The gate insulating film 9 may be, for example, a
high-temperature oxide film formed by a CVD method or a
high dielectric film. Alternatively, a silicon oxide film may
be formed to cover the surfaces of the semiconductor
regions 6 exposed in the buried gate trenches 8a, 86 by
thermally oxidizing the surfaces of the semiconductor
regions 6 exposed in the trenches 8a, 84.

Next, a conductive film is formed on the entire surface of
the semiconductor substrate 2 having the mask layer 30
formed thereon, so as to fill the buried gate trenches 8a, 85.
The conductive film is then polished by chemical mechani-
cal polishing (CMP) to flatten the surface thereof until the
surface of the mask layer 30 serving as a stopper is exposed.
After that, the conductive film is etched back till a prede-
termined thickness. As a result, as shown in FIGS. 6A to 6D,
gate electrodes 7a, 76 (word wiring layers WL1, WL2) are
formed buried in the respective buried gate trenches 8a, 85.
The gate electrodes 7a, 7b cover the top faces and the first
and second side faces of the fins 6A via the gate insulating
films 9.

The conductive film may be one formed by stacking a
polysilicon film and a metal film sequentially. The polysili-
con film can be formed by introducing an impurity such as
phosphorus (P) or the like during film formation by a CVD
method. Alternatively, an N-type or P-type impurity may be
introduced by an ion implantation method in a later step into
a polysilicon film which has been formed without being
doped with an impurity. The metal film can be formed using
a high-melting-point metal such as tungsten (W), tungsten
nitride (WN), or tungsten silicide (WSi).

Next, as shown in FIGS. 7A to 7D, a silicon nitride film
31 serving as the cap insulating film 10 is formed on the
entire surface of the semiconductor substrate 2. The silicon
nitride film 31, the gate oxide film 9 and the mask layer 30
are polished by CMP, to flatten the surface until the surface
2a of the semiconductor substrate 2 is exposed. As a result,
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as shown in FIGS. 8A to 8D, the cap insulating film 10 can
be formed buried in the buried gate trenches 8a, 85.

Next, as shown in FIGS. 9A to 9D, a mask layer 32 (first
interlayer insulating film 15) is formed on the entire surface
including the top face of the semiconductor substrate 2. The
mask layer 32 has openings 32a (bit contact holes 16) at the
positions corresponding to the bit contact trenches 11. Spe-
cifically, a silicon oxide film serving as the mask layer 32 is
formed on the surface of the semiconductor substrate 2, and
a resist is applied thereon. This resist is patterned by a
lithography technique to form a resist pattern (not shown)
having openings at the positions corresponding to the bit
contact trenches 11. The silicon oxide film is patterned by
anisotropic dry etching using this resist pattern. While this
resist pattern is removed from the top of the silicon oxide
film with the progress of the etching process, the shape of
this resist pattern is directly transferred to the silicon oxide
film. As a result, a mask layer 32 having openings 32« at the
positions corresponding to the bit contact trenches 11 can be
formed on the entire surface including the top face of the
semiconductor substrate 2.

Next, as shown in FIGS. 10A to 10D, the surface layer of
the semiconductor substrate 2 is patterned by anisotropic dry
etching using this mask layer 32 (15), while a plurality of bit
contact trenches 11 are formed in the surface layer of the
semiconductor substrate 2.

Next, as shown in FIGS. 10A to 10D, a liner insulating
film 33a is formed to cover the surfaces of the bit contact
trenches 11, and then a buried insulating film 335 is formed
in the inside of each of the bit contact trenches 11. The liner
insulating film 334 may be, for example, a silicon oxide film
formed by a CVD method. The buried insulating film 335
may be, for example, a boron phosphorus silicon glass
(BPSG) film, a spin-on dielectrics (SOD) film, or a fluorine-
doped silicon oxide (SiOF) film. The liner insulating film
33a and the buried insulating film 334 are etched back by
anisotropic dry etching, whereby an insulating film 12
having a predetermined thickness can be formed in each of
the bit contact trenches 11. The face of the buried insulating
film 12 is located at a higher level than the top face of the
channel regions, while the bottom face is located at a lower
level than the top face of the channel regions.

Next, as shown in FIGS. 11A to 11D, impurity ions are
introduced in oblique directions to the opposite side faces
(first sides) of each of the bit contact trenches 11, whereby
a first impurity diffusion layer 13 (13a, 136) is formed. The
impurity may be phosphorus or other N-type impurity, and
can be introduced by ion implantation at a predetermined
concentration. The ion implantation is performed to the
opposite side faces of the bit contact trench 11, oblique to the
first direction X' and second direction Y. As a result, a first
impurity diffusion layer 13 is formed, having the impurity
diffused from the top face of the active region 65 (the surface
2a of the semiconductor substrate 2) to a depth equivalent to
the level of the bottom faces of the buried gate trenches 8a,
8b. Specifically, the first impurity diffusion layer 13 is
formed to be deeper than the top face of the buried insulating
film 12 and to surround the buried insulating film 12. The
width of the first impurity diffusion layer 13 is gradually
enlarged downward' from the top face 2a of the semicon-
ductor substrate 2, with respect to the first direction X'.

Subsequently, a metal film is formed on the entire surface
of the semiconductor substrate 2 having the mask layer 32
(15) formed thereon, so as to fill the bit contact trenches 11.
The metal film is polished by CMP and flattened until the
surface of the mask layer 32 (15) serving as a stopper is
exposed. After that, etch-back is performed until the top face
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of the metal film becomes flush with the surface 2a of the
semiconductor substrate 2. As a result of this, as shown in
FIGS. 12A to 12D, bit contact plugs 17 are formed, buried
in the respective bit contact trenches 11. The bit contact
plugs 17 are surrounded by the first impurity diffusion layers
13a, 135, and the side faces are in contact with the first
impurity diffusion layers. The metal film may be made of
CoSi2, NiSi2, TiSi2, TiN, WN, W or the like.

As shown in FIGS. 12A to 12D, second impurity diffusion
layers 14a, 14b are formed by implanting ions of phosphorus
or other N-type impurity at a predetermined concentration
into the active regions 6a, 6¢ located on the opposite sides
of'each of the semiconductor regions 6. The second impurity
diffusion layers 14a, 14b are formed by diffusing an impu-
rity into the active regions 6a, 6¢ from the top faces of the
active regions 6a, 6¢ (the surface 2a of the semiconductor
substrate 2), to a depth equivalent to the level of the top faces
of the gate electrodes 7a, 7b. The second impurity diffusion
layers 14a, 145 may be slightly deeper than the top faces of
the gate electrodes 7a, 7b.

Next, as shown in FIGS. 13A to 13D, bit wiring layers BL.
are formed directly above the bit contact plugs 17 to be
electrically connected to the bit contact plugs 17. Specifi-
cally, an impurity-doped polysilicon film is formed on the
entire surface including the mask layer 32 (first interlayer
insulating film 15) so as to fill the openings 32a (bit contact
holes 16), and then a tungsten silicide film is formed thereon.
The impurity can be introduced into the impurity-doped
polysilicon film during film formation using the CVD
method. Alternatively, it is also possible to form a non-
doped silicon film and then to introduce an impurity into the
film by ion implantation. A resist pattern is formed on a
laminated film consisting of the impurity-doped polysilicon
film and the tungsten silicide film so as to cover regions
where the bit wiring layers BL are to be formed. The bit
wiring layers BL are formed by patterning the laminated film
by dry etching using this resist pattern.

The bit wiring layers BL also can be formed by a method
in which after forming a tungsten silicide film and a cover
silicon nitride film, the cover silicon nitride film is once
patterned using the resist pattern, and then the underlying
tungsten silicide film and the impurity-doped polysilicon
film are etched using a cover silicon film as a mask.

As seen from FIG. 2, after forming a second interlayer
insulating film 18, capacity contact holes 19a, 195 are
formed directly over the second impurity diffusion layers
14a, 145 to pass through the first and second interlayer
insulating films 15, 18. Then, capacity contact plugs 20a,
204 are formed, buried in these capacity contact holes 19a,
195 and electrically connected to the second impurity dif-
fusion layers 14a, 145. Further, there are stacked, directly
above each of the capacity contact plugs 20a, 205, a lower
electrode 21, a third interlayer insulating film 24, a capacity
insulating film 22 covering the lower electrode 21, and an
upper electrode 23 covering the capacity insulating film 22.
The lower electrode 21, the capacity insulating film 22, and
the upper electrode 23 form a capacitor Ca serving as a
memory element of a DRAM memory cell.

Then, a fourth interlayer insulating film 25 is formed on
the upper electrode 23, covering the entire surface thereof.
An upper wiring layer 26 is formed on the fourth interlayer
insulating film 25, and a surface protection film 27 is formed
on the fourth interlayer insulating film 25 so as to cover the
upper wiring layer 26.

The semiconductor device 1A as shown in FIG. 1 and
FIG. 2 can be manufactured by the steps as described above.
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According to the invention as described above, ON cur-
rent of the aforementioned transistors Trl, Tr2 can be
ensured sufficiently, and even if the distance between the
two memory cells MC1, MC2 arranged in one semiconduc-
tor region 6 is reduced due to size reduction of the memory
cells, occurrence of disturb error can be prevented, and
normal operation of the DRAM can be ensured. Thus, the
semiconductor device 1A having high reliability can be
manufactured appropriately.

(Modification 1-1)

The invention is not necessarily limited to the first
embodiment, but may be modified in various manners
without departing from the scope of the invention.

For example, like the semiconductor device 1B shown in
FIG. 14, a configuration may be employed in which first
impurity diffusion layers 13a, 135, 13¢ are formed to cover
the regions from the opposite side faces to the bottom face
of the bit contact trench 11. This means that, the semicon-
ductor device 1B has a configuration in which the first
impurity diffusion layers 13a, 135 formed on the opposite
side faces of the bit contact trench 11 are joined to the first
impurity diffusion layer 13¢ formed on the bottom face of
the trench 11. In this configuration, the buried insulating film
12 is surrounded by the first impurity diffusion layer 13 not
only at its side faces but also at its bottom face.

When forming these first impurity diffusion layers 13a,
135, 13¢, a BPSG film may be used as the insulating film 12,
so that an impurity contained in this BPSG film is diffused
into the opposite side faces and the bottom face of the bit
contact trench 11. It is also possible to employ a method in
which oblique ion implantation is performed to the opposite
side faces and the bottom face of the bit contact trench 11
after formation of the bit contact trench 11, and then an
insulating film 12 is formed to be buried in the bit contact
trench 11. These methods may be employed in combination.

The semiconductor device 1B also may assume a con-
figuration other than the one described above, like the
semiconductor device 1A. Therefore, description of such
other configuration will be omitted and like components are
assigned with like reference numerals in the drawings.

In the semiconductor device 1B having the configuration
described above, no channel S1, S2 is formed on the side
faces of the buried gate trenches 8a, 85 on which first
impurity diffusion layers 13a, 135 are formed. Further, a first
impurity diffusion layer 13¢ is formed on the bottom face of
the bit contact trench 11 which is formed deeper than the
buried gate trenches 8a, 85. An insulating film 12 is buried
in this trench 11 in such a thickness that the top face thereof
is located above the bottom faces of the buried gate trenches
8a, 8b. Like in the semiconductor device 1A, this configu-
ration is able to prevent occurrence of interference in opera-
tion between the two transistors Trl, Tr2 arranged side by
side in one semiconductor region 6.

Further, in the semiconductor device 1B, like the semi-
conductor device 1A, the DRAM can be operated normally
even if the distance between two memory cells MC1, MC2
arranged in one semiconductor region 6 is reduced due to
size reduction of the memory cells, and thus the reliability
can be improved remarkably.

Second Embodiment
Semiconductor Device
A second embodiment of the invention will be described

in terms of a configuration of a semiconductor device 1C
shown in FIG. 15. The planar layout of this semiconductor
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device 1C is the same as the semiconductor device 1A
shown in FIG. 1, and FIG. 15 is a cross-sectional view of the
semiconductor device 1C taken along the line A-A' of FIG.
1. In the description below, like or equivalent part or
components to those of the semiconductor device 1A will be
assigned with the same reference numerals.

The semiconductor device 1C functions as a DRAM in
the end. The DRAM has, on a semiconductor substrate, a
cell array region in which a plurality of memory cells MC1,
MC?2 are arranged in matrix, and a peripheral circuit region
which located on the periphery of the cell array region and
in which a circuit or the like for controlling operation of the
memory cells MC1, MC2 is formed.

The memory cells MC1, MC2 arranged in the cell array
region are substantially formed of selection transistors Trl,
Tr2, and capacitors Cal, Ca2 which are electrically con-
nected to either source or drain of the selection transistors
Trl, Tr2.

Specifically, there are provided, in the cell array region of
the semiconductor device 1C, an element isolation region 5
which is formed by forming element isolation trenches 3a,
35 in the surface layer of the semiconductor substrate 2, and
burying an element isolation insulating film 4 in these
trenches 3a, 3b, and a plurality of semiconductor regions 6
insulated and separated by the element isolation region 5.

The element isolation region 5 is a so-called STI (Shallow
Trench Isolation) region. The element isolation region 5 is
formed by burying the element isolation insulating film 4 in
a trench 3a extending in a first direction X' and a trench 35
extending in a second direction Y intersecting with the first
direction X', and isolates the adjacent semiconductor regions
6 from each other.

The semiconductor region 6 is formed of a part of the
semiconductor substrate 2, and is defined into an island
shape by the element isolation insulating film 4 (element
isolation region 5) buried in the element isolation trenches
3a, 3b. Specifically, the semiconductor region 6 has a
rectangular shape as viewed in plan, and extends in the first
direction X'. The semiconductor regions 6 are arranged
while being spaced from each other in the second direction
Y intersecting with the first direction X' and first direction X.

The semiconductor device 1C, likewise the semiconduc-
tor device 1A, employs such a layout that the cell size is 6F2
(F denotes a minimum feature size), and has a configuration
in which two (two-bit) memory cells MC1, MC2 are
arranged in one semiconductor region 6. Therefore, two
selection transistors Trl, Tr2 are arranged in each of the
semiconductor regions 6.

More specifically, a plurality of stripe-shaped word wiring
layers (word lines) WL1, WL2 are arranged in the cell array
region of this semiconductor device 1C to extend in the
second direction Y, while being spaced from each other in a
direction orthogonal to the second direction Y. These word
wiring layers WL1, WL2 respectively function as gate
electrodes 7a, 7b of the selection transistors Trl, Tr2, and are
provided such that two word wiring layers are arranged side
by side to cross each the of the semiconductor region 6.

In the selection transistors Trl, Tr2, the gate electrodes 7a,
7b are located at a lower level than the surface 2a of the
semiconductor substrate 2, whereby the selection transistors
Trl, Tr2 have a so-called buried gate type channel structure.

There are formed, in the surface layer of the semicon-
ductor substrate 2, a plurality of buried gate trenches 8a, 85
s0 as to extend in a (second) direction Y intersecting with the
semiconductor regions 6. These buried gate trenches 8a, 86
are arranged side by side in pairs so as to divide the
semiconductor regions 6.
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The semiconductor region 6 is divided into three active
regions 6a, 6b, 6¢c by two buried gate trenches 8a, 8b.
Regions located between a first active region 65 located at
the center of the three active regions, and second active
regions 6a, 6¢ located on the opposite sides, that is, regions
located below the buried gate trenches 8a, 85 are sometimes
called channel regions. The first active region 65 and each of
the second active regions 6a, 6¢ respectively have a first side
and a second side facing each other across the top faces of
the channel regions.

The semiconductor device has a gate insulating film 9
covering the surfaces of the semiconductor regions 6
exposed in the buried gate trenches 8a, 85, word line wiring
layers (word lines) WL1, WL2 buried in the buried gate
trenches 8a, 86, and a cap insulating film 10 also buried in
the buried gate trenches 8a, 86 on top of the word line wiring
layers (word lines) WL1, WL2. The word line wiring layers
WL1, WL2 are formed such that they are buried in the
buried gate trenches 8a, 85, respectively, and cross over the
semiconductor region 6 via the gate insulating film 9. As a
result, the two word line wiring layers WL1, WL2 crossing
the single semiconductor region 6 function as gate elec-
trodes 7a, 7b of the selection transistors Trl, Tr2. In other
words, the gate electrodes 7a, 76 extend from the semicon-
ductor region 6 to the element isolation region 5 along the
second direction, and cover the first side of the first active
layer 64 and the second sides of the second active layers 6a,
6¢ via the gate insulating film 9. The top faces of the gate
electrodes 7a, 7b are located at a lower level than the top
faces of the semiconductor region 6 and element isolation
region 5. Further, the top faces of the gate electrodes 7a, 76
are protected by the cap insulating film 10 provided in a state
buried in the buried gate trenches 8a, 8.

There is formed, in the surface layer of the semiconductor
substrate 2, a bit contact trench 11A extending in the
direction (second direction) Y parallel to the buried gate
trenches 8a, 85. The bit contact trench 11A is formed deeper
than the buried gate trenches 8a, 856 so as to divide the first
active region 6b.

An insulating film 12 is buried in the bit contact trench
11A and has such a thickness that the top face thereof is
located at a higher level than the bottom faces of the buried
gate trenches 8a, 86. This insulating film 12 isolates the
selection transistors Trl, Tr2 which are adjacent to each
other across the bit contact trench 11.

The buried gate trenches 8a, 85 are formed such that their
widths are identical up to midway in its depth direction from
the surface 2a of the semiconductor substrate 2 and, from
midway, the widths are gradually reduced toward the bottom
face. Thus, as the size reduction of the selection transistor
Trl, Tr2 progresses, the upper side faces of at least upper
part of the buried gate trenches 8a, 856 must be formed
vertically. On the other hand, the bit contact trench 11A is
formed in a constant width from the surface 2a of the
semiconductor substrate to the bottom face thereof.

A pair of sidewall insulating films 40a, 405 are provided
on the opposite side faces of the bit contact trench 11A to
cover from the surface 2a of the semiconductor substrate 2
up to the midway position of the bit contact trench 11A in the
depth direction. These sidewall insulating films 40a, 405 are
provided for the purpose of controlling the width of the bit
contact trench 11A to be a constant value. This means that
the bit contact trench 11A is formed in a constant width in
a depth direction according to the distance between the pair
of sidewall insulating films 40a, 405.

First impurity diffusion layers 13a, 136 functioning as
drain regions of the selection transistors Trl, Tr2 are pro-
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vided on the opposite side faces of the bit contact trench 11A
in which the insulating film 12 is buried. The first impurity
diffusion layers 13a, 135 are located under the sidewall
insulating films 40a, 405, and are formed to a depth equiva-
lent to the level of the bottom faces of the buried gate
trenches 8a, 8b, by diffusing an impurity into the opposite
side faces of the bit contact trench 11A. The sidewall
insulating films 40a, 405 and the first impurity diffusion
layers 13a, 135 are formed between the buried gate trenches
8a, 85 and the bit contact trench 11A.

There are provided, in the second active regions 6a, 6¢
located on the opposite sides of the first active region 64,
second impurity diffusion layers 14a, 145 functioning as
source regions of the selection transistors Trl, Tr2. These
second impurity diffusion layers 14a, 1456 are formed by
diffusing an impurity into the respective active regions 6a,
6¢ from the top faces of the second active regions 6a, 6¢ (the
surface 2a of the semiconductor substrate 2) to a depth
equivalent to the level of the top faces of the gate electrodes
Ta, 7b.

A first interlayer insulating film 15 is provided on the
semiconductor substrate 2 to cover the entire surface thereof.
The first impurity diffusion layer 14a is electrically con-
nected to the bit contact plug 17 buried in the bit contact
trench 11 and in a bit contact hole 16 formed in the first
interlayer insulating film 15.

The bit contact plug 17 is electrically connected to a bit
wiring layer (bit line) BL formed directly above the bit
contact plug 17. This bit wiring layer BL is located at a
higher level than the surface 2a of the semiconductor
substrate 2. The bit wiring layer BL is formed in plurality in
a striped shape extending in a direction X orthogonal to the
word wiring layers WL1, WL2. The bit wiring layers BL are
arranged while being spaced from each other in a direction
(second direction) Y in which the word wiring layers WL.1,
WL2 extend. These bit wiring layers BL are electrically
connected to the bit contact plug 17 by sequentially passing
through the central parts (the first active region 65) of the
respective semiconductor regions 6. Thus, the two transis-
tors Trl, Tr2 arranged in one semiconductor region 6 share
one bit wiring layer BL.

A second interlayer insulating film 18 is provided on the
first interlayer insulating film 15 to cover the entire surface
thereof. The second impurity diffusion layers 14a, 145 are
electrically connected to capacity contact plugs 20a, 205
buried in capacity contact holes 19a, 195 passing through
the first and second interlayer insulating films 15, 18.

Further, the capacity contact plugs 20a, 205 are clectri-
cally connected to capacitors Cal, Ca2 formed directly
above the capacity contact plugs 20a, 205. The capacitors
Cal, Ca2 are each composed of a lower electrode 21, a
capacity insulating film 22, and an upper electrode 23 which
are stacked in this order.

The lower electrodes 21 are positioned directly above the
respective capacity contact plugs 20a, 206 and have a
bottomed cylindrical crown shape. The lower electrodes 21
are isolated from each other by a third interlayer insulating
film 24 interposed therebetween. The capacity insulating
film 22 is formed to cover the surfaces of the lower electrode
21 and third interlayer insulating film 24. The upper elec-
trode 23 is formed on the entire surface to cover the capacity
insulating film 22 and to fill the inner spaces of the lower
electrodes 21.

The capacitors Cal, Ca2 need not necessarily be of a
crown type using the inner surfaces and outer peripheral
surfaces of the lower electrodes 21 as electrodes. The
structure of the capacitors Cal, Ca2 is not restricted par-
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ticularly, and may be a cylinder type using the inner surfaces
of the lower electrodes 21 but not using the outer peripheral
surfaces as electrodes.

There are provided, on the upper electrode 23, a fourth
interlayer insulating film 25 to cover the entire surface
thereof, an upper wiring layer 26 formed on the fourth
interlayer insulating film 25, and a surface protection film 27
covering the upper wiring layer 26.

In this manner, a DRAM having a plurality of memory
cells MC1, MC2 in the cell array region is formed.

The semiconductor device 1C having the configuration as
described above operates as a DRAM which is capable of
perform operation to store information by determining
whether or not electrical charge is accumulated in the
capacitors Cal, Ca2 while repeating ON/OFF operations on
the selection transistors Trl, Tr2.

The semiconductor device 1C is configured to be able to
ensure sufficient ON current for the two selection transistors
Trl, Tr2 arranged in the one semiconductor region 6, and yet
to prevent occurrence of interference of operation between
the two selection transistors Trl, Tr2.

Specifically, the transistor Tr1 is configured to have a gate
electrode 7a, a first impurity diffusion layer (drain region)
13a, and a second impurity diffusion layer (source region)
14a. The gate electrode 7a is buried in one of the two buried
gate trenches 8a, 86 dividing the semiconductor region 6,
that is, in the buried gate trench 8a with the gate insulating
film 9 interposed therebetween. The first impurity diffusion
layer (drain region) 13a is formed by diffusing an impurity
into the one of the side faces of the bit contact trench 11A
dividing the first active region 65 located at the center of the
three active regions 6a, 6b, 6¢ divided by the buried gate
trenches 8a, 85, to a depth equivalent to the level of the
bottom face of the buried gate trench 8a. The second
impurity diffusion layer (source region) 14a is formed by
diffusing an impurity into one of the two second active
regions 6a, 6¢ on the opposite sides of first active region 65
(active region 6a) into a depth equivalent to the level of the
top face of the gate electrode 7a.

In the transistor Trl, a channel S1 is formed over the
bottom face and the side face of the trench 8a on which the
second impurity diffusion layer 14a is formed, except the
region where the first and second impurity diffusion layers
13a, 14a are formed. In other words, the first active region
65 and the second active region 6a have side portions facing
each other across the channel region located therebetween,
and the channel S1 is formed on the side portion of the
second active region 6a and on the top of the channel layer.

This makes it possible to reduce the channel resistance in
comparison, for example, with the related semiconductor
device shown in FIG. 23B in which the channel S1' is
formed on the three faces, namely the opposite side faces
and the bottom face of the buried gate trench 106a. There-
fore, sufficient ON current of the transistor Trl can be
ensured.

Likewise, the other transistor Tr2 is configured to have a
gate electrode 7b, a first impurity diffusion layer (drain
region) 135, and a second impurity diffusion layer (source
region) 14b. The gate electrode 75 is buried in one of the two
buried gate trenches 8a, 86 dividing the semiconductor
region 6, that is, the buried gate trench 86, with the gate
insulating film 9 interposed therebetween. The first impurity
diffusion layer (drain region) 135 is formed by diffusing an
impurity into the other side face of the bit contact trench 11A
dividing the first active region 65 located at the center of the
three active regions 6a, 65, 6¢ divided by the two buried gate
trenches 8a, 85, to a depth equivalent to the level of the
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bottom face of the other buried gate trench 85. The second
impurity diffusion layer (source region) 1454 is formed by
diffusing an impurity into the other of the two second active
regions 6a, 6¢ located on the opposite sides of the first active
region 65 (active region 6¢), to a depth equivalent to the
level of the top of the other gate electrode 75.

In the other transistor Tr2, a channel S2 is formed on the
two faces of the trench 85, namely the bottom face and the
side face on which the second impurity region 144 is
formed, except the region where the first and second impu-
rity diffusion layers 135, 145 are formed. In other words, the
first active region 65 and the other second active region 6¢
respectively have side portions facing to each other across
the channel layer located therebetween, and the channel S2
is formed on the side portion of the second active region 6¢
and the top of the channel layer.

This makes it possible to reduce the channel resistance in
comparison, for example, with the related semiconductor
device shown in FIG. 23B in which the channel S2' is
formed on the three faces, namely the opposite side faces
and the bottom face of the buried gate trench 1065. There-
fore, sufficient ON current of the one transistor Tr2 can be
ensured.

In the semiconductor device 1C according to the inven-
tion, neither the channel S1 nor the channel S2 is formed on
the side faces of the buried gate trenches 8a, 86 on which the
first impurity diffusion layers 13a, 136 are formed. The
insulating film 12 is buried in the bit contact trench 11 A that
is formed deeper than the buried gate trenches 8a, 85, so that
insulating film 12 has such a thickness that the top face
thereof is located at a higher level than the bottom faces of
the buried gate trenches 8a, 86. Therefore, the semiconduc-
tor device 1C can be prevented from occurrence of inter-
ference of operation between the two selection transistors
Trl, Tr2 provided side by side in one semiconductor region
6.

This means that it is possible to prevent electrons induced
in the channel region (channel S1 or S2) in one of the
adjacent transistors Trl (Tr2) from moving to the channel
region (channel S2 or S1) of the other transistor Tr2 (Tr1).
Therefore, the semiconductor device 1C is able to prevent
the interference between the adjacent two transistors Trl,
Tr2 when they are operated, and to improve the reliability
remarkably.

The semiconductor device 1C according to the invention
has bit wiring layers (bit lines) BL connected in common to
the first impurity diffusion layers 13a, 135 formed on the
opposite side faces of the bit contact trench 11A via the bit
contact plug 17, and capacitors Cal, Ca2 connected to the
second impurity diffusion layers 14a, 145 via the capacity
contact plugs 20a, 205, whereby DRAM memory cells
MC1, MC2 are formed of the two transistors Trl, Tr2
arranged in one semiconductor region 6 and the capacitors
Cal, Ca2 connected the respective transistors Trl, Tr2.

This configuration is able to prevent occurrence of disturb
error caused by the state of memory in one of the adjacent
memory cells MC1 (MC2) being changed according to an
operating state of the other memory cell MC2 (MC1).

For example, data of “0” is stored in one of the two
memory cells MC1, MC2 arranged in one semiconductor
region 6, that is, in the memory cell MC1, while data of “1”
is stored in the other memory cell MC2. According to the
invention, even if ON/OFF operation is repeatedly per-
formed on the transistor Trl of the memory cell MC1,
occurrence of a disturb error, such as the data stored in the
memory cell MC2 being destroyed, can be avoided.
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In the first place, data of “0” is stored in the memory cell
MCI1. Specifically, one of the transistors (transistor Trl) is
turned ON while a low-level potential is applied to the bit
line BL.. Thus, the low-level potential is applied to the lower
electrode 21 of one of the capacitors (Cal). After that, the
transistor Trl is turned OFF, whereby data of “0” (low-level)
is accumulated in the capacitor Cal.

Next, data of “1” is stored in the other memory cell MC2.
Specifically, the other transistor Tr2 is turned ON while a
high-level potential is applied to the bit line BL. Thus, the
high-level potential is applied to the lower electrode 21 of
the other capacitor Ca2. After that, the other transistor Tr2 is
turned OFF, whereby data of “1” (high-level data) is accu-
mulated in the other capacitor Ca2.

It is assumed that in this state the same operation is
repeated on the memory cell MC1 arranged in another
semiconductor region 6 using the same word line WL1 with
the memory cell MC1. In this manner, the ON/OFF opera-
tion is repeated on one of the transistors (Irl) whereby a
high-level potential is repeatedly applied to the word line
WLI1.

As described above, it is possible to prevent electrons
induced in the channel region (S1) of the one transistor Trl
from moving to the channel region (S2) of the other tran-
sistor Tr2. Therefore, it is possible to prevent the occurrence
of a disturb error in which data of “1” (high level data)
accumulated in the capacitor Ca2 is rewritten to data of “0”
(low level data).

The semiconductor device 1C according to the invention,
as described above, is able to normally operate the DRAM
even if the distance between the two memory cells MC1,
MC?2 arranged in one semiconductor region 6 is reduced due
to the size reduction of the memory cells, and hence the
reliability thereof can be improved significantly.

(Manufacturing Method of Semiconductor Device)

A manufacturing method of the semiconductor device 1C
will be described with reference to FIGS. 16A to 16G.

FIGS. 16A to 16G sequentially show manufacturing pro-
cesses different from those of manufacturing the semicon-
ductor device 1A, and are cross-sectional views of the
respective processes, taken along the line A-A' of FIG. 1.

The manufacturing processes until the state shown in FIG.
16A is obtained are basically the same as the manufacturing
processes of the semiconductor device 1A described above
with reference to FIGS. 3A to 9D, and hence description
thereof will be omitted.

However, in the manufacture of the semiconductor device
1C, as shown in FIG. 16A, the buried gate trenches 8a, 85
are formed such that they have a constant width from the
surface 2a of the semiconductor substrate 2 up to a midway
position in a depth direction and then such that the width is
gradually reduced from the midway position toward the
bottom faces.

As shown in FIG. 16B, the surface layer of the semicon-
ductor substrate 2 is patterned by anisotropic dry etching
using the mask layer 32 (first interlayer insulating film 15),
so that a trench 114 having a constant width is formed in the
surface layer of the semiconductor substrate 2. Subse-
quently, a pair of sidewall insulating films 40a, 405 are
formed to cover the opposite side faces of the trench 11a.

When forming the pair of sidewall insulating films 40a,
405, a silicon nitride film is formed to cover the surface of
the semiconductor substrate 2. This silicon nitride film is
formed to have such a thickness that the inside of the trench
11a is not completely filled therewith. The silicon nitride
film is then etched back by anisotropic dry etching such that
silicon nitride film is left only on the side faces of the trench
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11a. In this manner, the pair of sidewall insulating films 40aq,
405 can be formed, covering the opposite side faces of the
trench 11a.

Next, as shown in FIG. 16C, the bottom face of the trench
11a is patterned by anisotropic dry etching according to the
width between the pair of sidewall insulating films 40a, 405,
so that a bit contact trench 11A is formed.

Next, as shown in FIG. 16D, a liner insulating film 33a is
formed to cover the surface of the bit contact trench 11A,
and then a buried insulating film 335 is formed in the inside
of bit contact trench 11A. The liner insulating film 33a may
be, for example, a silicon oxide film formed by a CVD
method. The buried insulating film 335 may be, for example,
a boron phosphorus silicon glass (BPSG) film, a spin-on
dielectrics (SOD) film, or a fluorine-doped silicon oxide
(SiOF) film. The liner insulating film 33« and the buried
insulating film 3354 are etched back by anisotropic dry
etching, whereby an insulating film 12 having a predeter-
mined thickness can be formed in the bit contact trench 11A.
The face of the buried insulating film 12 is located at a
higher level than the top face of the channel regions, while
the bottom face is located at a lower level than the top face
of the channel regions.

Next, as shown in FIG. 16E, impurity ions are introduced
in an oblique directions to the opposite side faces (first sides)
of the bit contact trench 11A, whereby a first impurity
diffusion layer 13 (134, 13b) is formed. The impurity may be
phosphorus or other N-type impurity, and can be introduced
by ion implantation at a predetermined concentration. The
ion implantation is performed to the opposite side faces of
the bit contact trench 11, oblique to the first direction X' and
second direction Y. Thus, first impurity diffusion layers 13aq,
135 having an impurity diffused therein are formed under the
pair of sidewall insulating films 40a, 405, to a depth equiva-
lent to the level of the bottom faces of the buried gate
trenches 8a, 8b.

Next, as shown in FIG. 16F, second impurity diffusion
layers 14a, 145, a bit contact plug 17, and a bit wiring layer
BL are formed in the same manner as in the processes shown
in FIGS. 12A to 13D. The subsequent processes are basically
the same as those of the semiconductor device 1A, and
hence description thereof will be omitted.

The semiconductor device 1C as shown in FIG. 15 can be
manufactured by the steps as described above.

According to the invention as described above, ON cur-
rent of the aforementioned transistors Trl, Tr2 can be
ensured sufficiently, and even if the distance between the
two memory cells MC1, MC2 arranged in one semiconduc-
tor region 6 is reduced due to size reduction of the memory
cells, occurrence of disturb error can be prevented, and
normal operation of the DRAM can be ensured. Thus, the
semiconductor device 1C having high reliability can be
manufactured appropriately.

The invention is not necessarily limited to the second
embodiment, but may be modified in various manners
without departing from the scope of the invention.

For example, when forming the first impurity diffusion
layers 13a, 135, an impurity-doped polysilicon (DOPOS)
film may be buried and formed as the bit contact plug 17
after the insulating film 12 is buried in the inside of the bit
contact trench 11A, as shown in FIG. 17A, instead of
performing oblique ion implantation to the opposite side
faces of the bit contact trench 11A as shown in FIG. 16E.
After that, as shown in FIG. 17B, the first impurity diffusion
layers 13a, 1356 can be formed by diffusing the impurity
contained in the DOPOS film into the opposite side faces of
the bit contact trench 11A.
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(Modification 2-1)

For example, like the semiconductor device 1D shown in
FIG. 18, a configuration may be employed in which first
impurity diffusion layers 13a, 135, 13¢ are formed to cover
the regions from the opposite side faces to the bottom face
of the bit contact trench 11A. This means that, the semicon-
ductor device 1D has a configuration in which the first
impurity diffusion layers 13a, 135 formed on the opposite
side faces of the bit contact trench 11 are joined to the first
impurity diffusion layer 13¢ formed on the bottom face of
the trench 11A.

When forming these first impurity diffusion layers 13a,
135, 13¢, a BPSG film may be used as the insulating film 12,
so that an impurity contained in this BPSG film is diffused
into the opposite side faces and the bottom face of the bit
contact trench 11. It is also possible to employ a method in
which oblique ion implantation is performed to the opposite
side faces and the bottom face of the bit contact trench 11
after formation of the bit contact trench 11A, and then an
insulating film 12 is formed to be buried in the bit contact
trench 11A. These methods may be employed in combina-
tion.

The semiconductor device 1D also may assume a con-
figuration other than the one described above, like the
semiconductor device 1C. Therefore, description of such
other configuration will be omitted and like components are
assigned with like reference numerals in the drawings.

In the semiconductor device 1D having the configuration
described above, no channel S1, S2 is formed on the side
faces of the buried gate trenches 8a, 85 on which first
impurity diffusion layers 13a, 135 are formed. Further, a first
impurity diffusion layer 13¢ is formed on the bottom face of
the bit contact trench 11A which is formed deeper than the
buried gate trenches 8a, 85. An insulating film 12 is buried
in this trench 11 A in such a thickness that the top face thereof
is located above the bottom faces of the buried gate trenches
8a, 8b. Like in the semiconductor device 1C, this configu-
ration is able to prevent occurrence of interference in opera-
tion between the two transistors Trl, Tr2 arranged side by
side in one semiconductor region 6.

(Modification 2-2)

A configuration is also possible, like a semiconductor
device 1E shown in FIG. 19, in which the pair of sidewall
insulating films 40a, 406 are removed. Specifically, in this
semiconductor device 1E, a bit contact plug 17A buried in
the bit contact trench 11A is formed after the sidewall
insulating films 40a, 406 are removed. This provides a
configuration in which the bit contact plug 17A is electri-
cally connected not only to the side faces of the first impurity
diffusion layers 13a, 135 but also to the upper ends thereof.

The semiconductor device 1E also may assume a con-
figuration other than the one described above, like the
semiconductor device 1C. Therefore, description of such
other configuration will be omitted and like components are
assigned with like reference numerals in the drawings.

In the semiconductor device 1E having the configuration
described above, no channel S1, S2 is formed on the side
faces of the buried gate trenches 8a, 85 on which first
impurity diffusion layers 13a, 135 are formed. Further, a first
impurity diffusion layer 13¢ is formed on the bottom face of
the bit contact trench 11A which is formed deeper than the
buried gate trenches 8a, 85. An insulating film 12 is buried
in this trench 11 A in such a thickness that the top face thereof
is located above the bottom faces of the buried gate trenches
8a, 8b. Like in the semiconductor device 1C, this configu-
ration is able to prevent occurrence of interference in opera-
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tion between the two transistors Trl, Tr2 arranged side by
side in one semiconductor region 6.

(Modification 2-3)

A configuration is also possible, like a semiconductor
device 1F shown in FIG. 20, in which a pair of sidewall
insulating films 40a, 405 are removed, a DOPOS film is
buried and formed as the bit contact plug 17, and then first
impurity diffusion layers 13a, 135 are formed by diffusing
the impurity contained in the DOPOS film into the opposite
side faces of the bit contact trench 11A.

The semiconductor device 1F also may assume a con-
figuration other than the one described above, like the
semiconductor device 1C. Therefore, description of such
other configuration will be omitted and like components are
assigned with like reference numerals in the drawings.

In the semiconductor device 1F having the configuration
described above, no channel S1, S2 is formed on the side
faces of the buried gate trenches 8a, 85 on which first
impurity diffusion layers 13a, 135 are formed. Further, a first
impurity diffusion layer 13¢ is formed on the bottom face of
the bit contact trench 11A which is formed deeper than the
buried gate trenches 8a, 85. An insulating film 12 is buried
in this trench 11A in such a thickness that the top face thereof
is located above the bottom faces of the buried gate trenches
8a, 8b. Like in the semiconductor device 1C, this configu-
ration is able to prevent occurrence of interference in opera-
tion between the two transistors Trl, Tr2 arranged side by
side in one semiconductor region 6.

(Modification 2-4)

Further, according to the invention, a configuration is also
possible, like a semiconductor device 1G shown in FIG. 21,
in which a pair of sidewall insulating films 40a, 406 are
removed, a BPSG film as the insulating film 12 and a
DOPOS film as the bit contact plug 17 are sequentially
buried and formed, and then the impurity contained in the
BPSG film and the DOPOS film are diffused into the
opposite side faces and the bottom face of the bit contact
trench 11A, so that first impurity diffusion layers 13a, 135,
13¢ are formed over a region from the opposite side faces to
the bottom face of the bit contact trench 11A.

The semiconductor device 1G also may assume a con-
figuration other than the one described above, like the
semiconductor device 1C. Therefore, description of such
other configuration will be omitted and like components are
assigned with like reference numerals in the drawings.

In the semiconductor device 1G having the configuration
described above, no channel S1, S2 is formed on the side
faces of the buried gate trenches 8a, 85 on which first
impurity diffusion layers 13a, 135 are formed. Further, a first
impurity diffusion layer 13¢ is formed on the bottom face of
the bit contact trench 11A which is formed deeper than the
buried gate trenches 8a, 85. An insulating film 12 is buried
in this trench 11A in such a thickness that the top face thereof
is located above the bottom faces of the buried gate trenches
8a, 8b. Like in the semiconductor device 1C, this configu-
ration is able to prevent occurrence of interference in opera-
tion between the two transistors Trl, Tr2 arranged side by
side in one semiconductor region 6.

(Data Processing System)

Next, a data processing system 400 according to the
invention shown in FIG. 22 will be described.

The data processing system 400 according to the inven-
tion is an example of a system having any one of the
semiconductor devices 1A to 1G described above, and this
data processing system 400 may be, but not limited to, a
computer system.
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The data processing system 400 includes a data processor
420 and a DRAM 460 that is a semiconductor device
according to the invention. The data processor 420 may be,
but not limited to, a microprocessor (MPU), or a digital
signal processor (DPS).

The data processor 420 is connected to the DRAM 46 via
a system bus 410, but may be connected by a local bus
without the system bus 410. Although one system bus 410
is shown in FIG. 22, the system bus 410 may be connected
in series or in parallel as necessary via a connector or the
like.

In this data processing system 400, a storage device 430,
an I/O device 440, and a ROM 450 are connected to the
system bus 410 as required, these are not necessarily essen-
tial components. The I/O device 440 as used herein may be
only either an input device or an output device. The number
of each component is not limited particularly, and may be at
least one or more.

Although the inventions has been described above in
connection with several preferred embodiments thereof, it
will be appreciated by those skilled in the art that those
embodiments are provided solely for illustrating the inven-
tion, and should not be relied upon to construe the appended
claims in a limiting sense.

What is claimed is:

1. A device comprising:

a first transistor having a first pillar-shaped semiconductor
portion, a first vertical channel portion, a first horizon-
tal channel portion and a first diffusion region, the first
vertical channel portion and the first horizontal channel
portion being arranged in a first direction and con-
nected to each other to form an L-shaped channel, the
first horizontal channel portion and the first diffusion
region being arranged in the first direction and con-
nected to each other, a first lower boundary of the first
diffusion region being at a lower level than an first
upper boundary of the first horizontal channel portion;

a first gate electrode covering a side portion of the first
vertical channel portion and a top surface of first
horizontal channel portion of the first transistor, the first
gate electrode extending in a second direction that is
substantially perpendicular to the first direction, the
first gate electrode having a first top surface which is at
a lower level than a top of the first pillar-shaped
semiconductor portion; and
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a contact plug being electrically connected to the first
diffusion region, a lowest portion of the contact plug
being at a lower level than the top surface of the first
gate electrode, an upper portion of the contact plug
being connected to a wiring layer, the wiring layer
being at a level higher than a top surface of the first
pillar-shaped semiconductor portion.

2. The device according to claim 1, further comprising:

a second transistor having a second pillar-shaped semi-
conductor portion, a second vertical channel portion, a
second horizontal channel portion and a second diffu-
sion region, the second vertical channel portion and the
second horizontal channel portion being arranged in the
first direction and connected to each other to form an
L-shaped channel, the second horizontal channel por-
tion and the second diffusion region being arranged in
the first direction and connected to each other, the first
diffusion region of the first transistor and the second
diffusion region of the second transistor being arranged
in the first direction and electrically connected to each
other, a second lower boundary of the second diffusion
region being at a lower level than a second upper
boundary of the second horizontal channel portions;
and

a second gate electrode covering a side portion of the
second vertical channel portion and a top surface of
second horizontal channel portion, the second gate
electrode extending in the second direction, the second
gate electrode having a top surface which is at a lower
level than a top of the second pillar-shaped semicon-
ductor portion, wherein

the contact plug is electrically connected to the second
diffusion region and intervenes between the first and
the second diffusion regions, a lowest portion of the
contact plug being at a lower level than the top surface
of the second gate electrode.

3. The device according to claim 2, wherein

the device is a memory device,

a data storage element is connected to an upper portion of
the first pillar-shaped semiconductor portion, and

the first transistor and the second transistor are selection
transistors.

4. The device according to claim 2, wherein the contact

plug at least contacts a sidewall of the first diffusion layer
and a sidewall of the second diffusion layer.
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